Context. Young massive stars and stellar clusters continuously form in the Galactic disk, generating new Hii regions within their natal giant molecular clouds and subsequently enriching the interstellar medium via their winds and supernovae. Aims. Massive stars are among the brightest infrared stars in such regions; their identification permits the characterisation of the star formation history of the associated cloud as well as constraining the location of stellar aggregates and hence their occurrence as a function of global environment. Methods. We present a stellar spectroscopic survey in the direction of the giant molecular cloud G23.3−0.3. This complex is located at a distance of ∼ 4 − 5 kpc, and consists of several Hii regions and supernova remnants. Results. We discovered 11 Of + K stars, one candidate Luminous Blue Variable, several OB stars, and candidate red supergiants. Stars with K-band extinction from ∼ 1.3 − 1.9 mag appear to be associated with the GMC G23.3−0.3; O and B-types satisfying this criterion have spectrophotometric distances consistent with that of the giant molecular cloud. Combining near-IR spectroscopic and photometric data allowed us to characterize the multiple sites of star formation within it. The O-type stars have masses from ∼ 25 − 45 M , and ages of 5-8 Myr. Two new red supergiants were detected with interstellar extinction typical of the cloud; along with the two RSGs within the cluster GLIMPSE9, they trace an older burst with an age of 20-30 Myr. Massive stars were also detected in the core of three supernova remnants -W41, G22.7−0.2, and G22.7583−0.4917. Conclusions. A large population of massive stars appears associated with the GMC G23.3−0.3, with the properties inferred for them indicative of an extended history of stars formation.
Introduction
An understanding of the evolution, and fate of massive stars ( > ∼ 8 M ) is of broad astronomical interest, and it is fundamental for studies of galaxies at all redshifts. Historically, the majority (70-90%) of massive stars were thought to be born in dense clusters, although recent observations also support formation in lowdensity environments (Lada & Lada 2003; de Wit et al. 2005; Wright et al. 2014) . In turn, such star clusters appear to form in large molecular complexes (Clark & Porter 2004; Clark et al. 2009; Davies et al. 2012) , and a direct proportionality is often assumed between the cluster masses and the masses of the collapsing clouds (e.g. Krumholz & Bonnell 2007; Alves et al. 2007 ).
Observations and data reduction

SINFONI data
The observations were made with the Spectrograph for INtegral Field Observations in the Near Infrared (SINFONI) (Eisenhauer et al. 2003) on the Yepun Very Large Telescope, under the ESO programs 084.D-0769 and 085.D-0192 (P.I. Messineo). We observed ∼ 100 stars with 0.6 < H−K s < 1.4 mag and 11 <K s < 6 mag from selected fields (see Table 1 ); their color-color distribution is shown in Sect. 3.2. A total number of 89 data-cubes were obtained, and a total number of 104 stellar spectra were extracted from these cubes.
We used SINFONI in non-AO mode, with a pixel scale of 0. 250 pix −1 , the K-grating (1.95-2.45 µm), and a resolving power R ≈ 4400.
Exposures were taken in a target-sky-sky-target sequence, using a fixed sky position. Integration times (DIT × NDIT ) ranged from 1 s to 53 s in period 84, and from 1 s to 93 s in period 85. Two exposures were taken for each position. Telluric standard stars of B-type were observed at an airmass within 0.2 dex from the airmass of the science observations, and immediately before or after the science observation.
Data reduction was performed as described in Messineo et al. (2007) . The construction of a wavelength-calibrated datacube, along with the removal of the instrumental signatures, was performed with version 3.9.0 of the ESO SINFONI pipeline (Schreiber et al. 2004; Modigliani et al. 2007 ). Each science frame was sky-subtracted, and flat-fielded. Dead/hot pixels were removed by interpolation; geometric distortions were corrected. A wavelength-calibration map was obtained using daytime arclamp lines. Possible shifts in wavelengths (up to 0.4 pixels) were checked, and corrected with observed OH sky lines (Oliva & Origlia 1992; Rousselot et al. 2000) by cross-correlating the OH line positions with a template spectrum with OH lines at zero velocity.
Stellar traces were extracted from the cubes, and corrected for atmospheric and instrumental responses by dividing the spectra of the targets by the spectra of B-type stars. The Br γ and He I lines were removed from the spectra of the standards with a linear interpolation, and the resulting spectra were multiplied by a black body curve, F( λ ), with the effective temperature of the star. Some spectra with low signal-to-noise displayed residuals of OH sky lines; in these seven stars, we removed the residuals of the OH sky lines at 2.0008 µm, 2.0276 µm, 2.0413 µm, 2.0563 µm, 2.0729 µm, 2.1506 µm, 2.1802 µm, 2.1955 µm, 2.2126 µm, and 2.2312 µm with a linear interpolation. The absolute coordinates of the SINFONI fields generally agree with the 2MASS coordinates within 1 or 2 . The astrometry of each field was aligned with a 2MASS image or UKIDSS image.
We examined stellar traces with a signal-to-noise ratio above 20-40. Table 2 lists the early-type stars, and Tables 3 and C.1 list the late-type stars. Finding charts are provided in Appendix C.
SofI data
An additional 47 objects were detected with the Son of Isaac (SofI) spectrograph on the ESO New Technology Telescope (NTT) on La Silla during the ESO program 087.D-09609 (P.I, Messineo), on the nights of June 10, 11, and 12, 2011. Observations with SofI on the NTT were performed with the medium resolution grism, a slit-width of 1 , and the K s filter. A coverage from 2.0 µm to 2.3 µm at a resolving power of ∼ 1900 was obtained. Medium resolution spectra in H−band were taken only for one target, a candidate LBV; a slit with a width of 1 was used, which provided a coverage from 1.5 µm to 1.8 µm at a resolving power of ∼ 1250. The objects were nodded along the slit to obtain pairs of frames, which were subtracted and flat-fielded. In a few observations, the stellar traces did not move (no nodding, no jitter), and we subtracted each frame with darks. The two-dimensional frames were rectified with a bilinear interpolation of stellar traces and arc lines. Stellar traces were extracted from individual frames, aligned in wavelength, and coadded. Correction for atmospheric and instrumental responses were performed with spectra of B-type standards (taken in the same manner as for the targets, and with linearly interpolated Br γ and He I lines). We multiplied the results by a black body curve, F λ . Table 4 of Messineo et al. 2010 ) and supernova remnants. Notes. a A larger region enclosing the GLIMPSE9 cluster was surveyed. b The quoted radius encloses only the bulk of the nebulosity seen at 3.6 µm. References.
(1) Bica et al. (2003) ; (2) Messineo et al. (2010) ; (3) Mercer et al. (2005) . Notes. Identification numbers are followed by celestial coordinates, instrument, spectral types, estimated effective temperatures, T eff , intrinsic near-infrared colors, and comments. Two B supergiants detected by Messineo et al. (2010) , and a WR discovered by Mauerhan et al. (2011) are appended to the table. We used the collection of infrared colors and temperatures per spectral types as listed in the Appendix of Messineo et al. (2011) . For every star (for example a O6-7 star), we assumed the mean temperature of the range considered, and as error half range. 
Infrared photometry
We searched for counterparts of the observed stars in the 2MASS Catalog of Point Sources (Cutri et al. 2003) , in the third release of DENIS data at CDS (catalog B/denis) (Epchtein et al. 1994) , in the GLIMPSE catalog (Churchwell et al. 2009) , and in the WISE catalog (Cutri & et al. 2012) ; we used the closest match within a search radius of 2 . We searched in the UKIDSS catalog (Lucas et al. 2008 ) with a search radius of 1 , and retained only counterparts in the linear regime (K > ∼ 10.2 mag). The II/293 (GLIMPSE) catalog from CDS is a combination of the original GLIMPSE-I (v2.0), GLIMPSE-II (v2.0), and GLIMPSE-3D catalogs. We also searched for counterparts in the Version 2.3 of the MSX Point Source Catalog Price et al. 2001 ) with a search radius of 5 . MSX upper limits were removed. WISE counterparts were retained only if their signalto-noise ratio was larger than 2.0. Near-infrared and GLIMPSE counterparts were visually checked with 2MASS/UKIDSS and GLIMPSE charts. For most of sources, WISE band-3 and band-4 provided upper limit magnitudes, due to confusion. In addition, we searched for possible B, V, R-band matches in The Naval Observatory Merged Astrometric Dataset (NOMAD) by Zacharias et al. (2004) . The photometric data are listed in Table 4 . For a few targets (missing in both 2MASS and UKIDSS), K s counterparts were estimated from the SINFONI cubes (with a typical uncertainty of ∼ 0.3 mag). (Messineo et al. 2010 ).
Previously known massive stars in the direction of the complex
In the SIMBAD astronomical archive, we found matches for 11 out of 151 observed stars. The alias names are provided in Tables  2, 3 , and C.1. Messineo et al. (2010) Whitney (1983) and Sylvester et al. (1998) . BD−08 4635 and BD−08 4639 are two bright sources with IR colors similar to that of RSG BD−08 4645. Skiff (2013) lists them as M2 and K2 types, respectively.
These massive stars and candidate massive stars were added to the list of newly detected stars, and their photometric properties were re-investigated.
Results
Spectral classification
Early-type stars
A total number of 38 early-type stars were detected (see Figs. 2 and 3). We classified them by comparison with infrared spectroscopic atlases (e.g. Hanson et al. 1996; Morris et al. 1996; Figer et al. 1997; Hanson et al. 2005) , by using H I, He I, He II, N III, and C IV lines. C IV lines are typical of O4-7 types, more rarely appear in O8 type; the N III complex at 2.115 µm disappears in stars later than O8.5-O9 type; the He II line at 2.189 µm is present in O-type stars down to O9-type; the He I line at 2.112 µm is observed from O4-type down to B8 (for supergiants), or B3 (for dwarfs), and the strengths of the He I absorption line at 2.112 µm increases from early-O to late-O. The He I line at 2.058 µm is usually seen down to ∼B3 .
We used the prefix f K + to denote a spectral classification in K-band similar to that given in the optical window by Maíz Apellániz et al. (2007) and Fariña et al. (2009) . We, thereby, defined an Of K + stars as a star with a K-band spectrum that shows the N III/C III complex at 2.115 µm in emission, and Si IV at 2.428 µm in emission. There are only a few previous reports on the Si IV line at 2.428 µm; the line was identified in some WRs and O supergiants of the Arches cluster (Martins et al. 2008) , and transitional objects (e.g. cLBVs) in the vicinity of the Galactic center (Martins et al. 2007 ). The detected O-type stars are all Of K +.
The spectrum of star #25 shows strong C IV lines at 2.0705 µm and at 2.0796 µm in emission, and the broad N III/C III complex at 2.115 µm in emission, the Br γ line at 2.1661 µm in absorption with a wind signature in emission, the He II line at 2.1891 µm in absorption, and the Si IV line at 2.428 µm in emission. These lines are typically detected in O stars with types from 4 to 6. In Hanson et al. (1996) and Hanson et al. (2005) , the strength of the carbon lines appears to increase with earlier types; therefore, star #25 is likely a O4-5f K + supergiant, similar to HD15570 (see spectrum in Hanson et al. 2005 ). The spectra of stars #3, #5, #14, #15, #18, #23, and #36 display signatures of O6-7f K + stars; they are characterized by the He I line at 2.058 µm, a weak C IV line at 2.0796 µm in emission, a prominent He I line at 2.112 µm in absorption, the N III complex at 2.115 µm in emission, the Br γ (mostly in absorption), the He II line at 2.189 µm in absorption, and the Si IV line at 2.248 µm. The spectra of stars #3 and #23 have the additional detection of a C IV line at 2.0705 µm. The spectrum of star #14 has the Br γ line in emission (O6-7f K +); the Br γ lines of stars #3 and #5 display a wind signature.
The spectra of stars #4 and #9 have the He I lines at 2.058 µm and 2.112 µm in absorption, the N III at 2.115 µm in emission, the Br γ line, the He II line at 2.189 µm in absorption, and the Si IV line at 2.428 µm. Star #4 has a Br γ line in absorption with a signature of wind in emission. The non-detection of C IV lines, the presence of N III and He II lines, and Si IV suggest a later Of K + (O7-O8.5
The spectrum of star #17 displays a He I line at 2.112 µm in absorption, a weak N III complex at 2.115 µm in emission, the Br γ line in absorption, and the Si IV line at 2.248 µm in emission. Since there is not He II at 2.189 µm, but N III emission is still detected, this star appears a (O9-O9.5)f K +.
Late-O and B type stars ( panel 2 of Fig. 2):
The spectrum of star #1 presents the Br γ line in emission. The spectrum of star #2 has the Br γ line in absorption, and a hint for the He I line at 2.058 µm in emission, and for the He II line at 2.189 µm in absorption. The lack of N III at 2.115 µm, and the hint for He I and He II, suggest a O9-O9.5e.
The spectrum of star #16 shows the He I line at 2.058 µm in emission, the He I line at 2.112 µm in absorption, the N III line at 2.115 µm in emission, and the Br γ line in absorption. The absence of He II and presence of N III suggest a O9-9.5 type. The 2.058 µm emission indicates a supergiant luminosity class .
The He I line at 2.112 µm and the Br γ line in absorption are detected in the spectra of stars #6, #8, #31, and #38. The detection of He I lines and the absence of N III emission at 2.115 µm and of the He II line at 2.189 µm suggest a B0-8I or a B0-3V. There is a hint for He I at 2.058 µm in the spectra of stars #6 and #8 (B0-3); there is a hint for Si IV at 2.248 µm in the spectrum of star #31.
B-A type stars ( panel 3 of Fig. 2):
We assigned a B4-A2 type (dwarfs), or B7.5-A2 type (supergiants) to stars with only a detected Br γ line in absorption: #7, #12, #13, #19, #20, #21, #26, #28, and #32.
O-B-A-F type stars ( panel 4 of Fig. 2):
Stars with noisy spectra and marginal detections of Br γ lines are labeled O-B-A-F (stars #10, #11, #24, #27,#29, #30, #33, #34, #35, and #37).
The noisy structures around 2.00 µm are due to a poor atmospheric correction.
A candidate Luminous Blue Variable.
In Figure 3 and Table 5 , the spectral features of star #22 are shown. The H-band spectrum of star #22 is characterized by H I lines in emission and by a number of iron lines (Fe II), which are Morris et al. 1996) . The possible evolutionary link between the disk-bearing B[e]s and the multi-wind LBVs is unclear, and this is a current topic of ongoing discussions (e.g Crowther et al. 1995; Clark et al. 2013 ). LBVs display a large variety of stellar spectra; their definition is actually based on their variability and sporadic strong outbursts (e.g. Thackeray 1974; Humphreys 1978) .
The H-band spectrum of star #22 presents H I lines in emission (as in the spectrum of S Dor) and several Fe lines, which recall the rich spectrum of LBV WRA 751 (Morris et al. 1996; Smith 2002 ). The K-band spectra of the stars Pistol, Wra17−96, G26.47 + 0.02, G24.73 + 0.69, and HR Car exhibit the same emission lines as those of star #22 (Figer et al. 1995; Morris et al. 1996; Clark et al. 2003; Egan et al. 2002) . These impressive similarities with other LBV spectra suggest that star #22 is a candidate LBV (cLBV 2 ). The cLBV has been detected as a point-source up to 20 µm (W4 band of the WISE survey). With a GLIMPSE [3.6]−[5.8] = 0.72 mag and a [3.6]−[8.0]= 0.96 mag, star #22 well fits in the GLIMPSE color distribution found for known Galactic LBV stars (Messineo et al. 2012) . The SED of cLBV #22 resembles that of cLBV MN112 (Gvaramadze et al. 2010) , with an excess at several mid-infrared wavelengths (see Fig. 4) ; however, in Notes. Two epochs of DENIS simultaneous I JK s measurements were available. We re-calibrated the DENIS measurements by using point sources within 1 ; a significant offset was found for epoch one.
contrast to MN112, an extended circumstellar nebulae is not detected. We did not find significant photometric variations in the J-and K s -band of DENIS and 2MASS (Table 6 ). Nevertheless, high probability of being a variable point source is reported in band W3 (11.6 µm) by the WISE catalog.
Late-type stars
The equivalent width of the CO band-head, EW(CO), at 2.29 µm linearly correlates with the stellar temperature (T eff ). CO absorption also strengthens with increasing luminosity. Therefore, the EW(CO) and T eff values of giants and RSGs follow two distinct relations (Blum et al. 2003; Figer et al. 2006; Davies et al. 2007 ); the sequence of RSGs extends to larger values of EW(CO). The EWs are based on the Kleinmann & Hall (1986) spectra. We smoothed the reference spectra of Kleinmann & Hall (1986) to the resolution of the observed ones; we de-reddened each target spectrum with the extinction law by Messineo et al. (2005) and the E(J−K s ) color excess (see Sect. 3.2). The continuum was taken from 2.285 µm to 2.290 µm. The EW(CO)s in unit of Angstroms were obtained by integrating the line strength of the CO feature, 1-Flux(CO)/Flux(continuum), in wavelengths (from 2.290 µm to 2.320 µm, e.g. Figer et al. 2006) . EW(CO)s from medium-resolution spectra taken with SofI were measured in a narrower region, from 2.285 µm to 2.307 µm. Typical uncertainties of the estimated spectral-types are within a factor of two, as estimated by slightly shifting the continuum region and the reddening.
Stars with EW(CO)s larger than that of a M7 giant were classified as candidate RSGs or variable AGB stars. A detailed discussion on the identification of AGB stars, which contaminate both red giant and RSG sequences, is provided in Appendix B. After having excluded one AGB star (#56), we found that four other stars show EWs larger that that of an M7III star: #40, #43, #46, and #47.
Spectral types for the 113 detected late-type stars are listed in Tables 3 and C.1. Each list is sorted by coordinates. Some spectra of bright late-type stars are displayed in Fig. 5. 
Determination of A K s
In the near-infrared, the attenuation of a star's light by interstellar dust absorption is wavelength-dependent, and may be expressed by a power law A λ ∝ λ −α . For every star, we estimated the effective extinction in K sband, A K s , by measuring the near-infrared color-excess, and by using α = −1.9 (Messineo et al. 2005) . We adopted the in- Fig. 4 . SEDs of star #22 (this work) and of the cLBV MN112 discovered by Gvaramadze et al. (2010) . Flux densities in the DENIS, 2MASS, MSX, GLIMPSE, and WISE bands are plotted with diamonds, triangles, squares, crosses, and asterisks, respectively. The WISE 3 (11 µm) and 4 (20 µm) measurements were marked as affected by confusion. The long-dashed curves are black-bodies with the stellar effective temperatures. The dotted curves are modified black-bodies, which we created by adding to the continuum a 10-15% of free-free emission ( ∝ λ −0.6 ), a warm dust component at 650 k, and a cold dust component at 150 k. Koornneef (1983) (B-A supergiants and late-types in the Koornneef system), Lejeune & Schaerer (2001) (colors of dwarfs from O3 to A5 in the Bessell system). The used compilation uses data in the Johnson, Bessell, and Koornneef filter systems. Color transformations were not applied, but no significant deviations were found. There is no significant difference between the SAAO and the Johnson system (Carter 1990; Blum et al. 2000) . Carpenter (2001) found differences between the SAAO system (or Koornneff system) and the 2mass system well within 0.1 mag. Table 2 lists the adopted intrinsic (J − K) o and (H − K) o colors of early-types.
We assumed as interstellar extinction individual A K s values. For the detected early-type stars, we preferred the total interstellar extinction A K s from the shortest color E(J − H); for late-type stars, we used individual A K s from J−K s (or H−K s ) (Koornneef 1983) .
A J−K s versus H−Ks diagram of the observed sources is shown in Fig. 6 . The cLBV displays an infrared excess longward of 2 µm; the O-type stars nicely follow the reddening vectors. The bulk of detected late-type stars (with exclusion of a few AGBs) lacks strong dust excess (Fig. 6) , as also inferred from the Q1 parameter (see Appendix A). Figure 7 shows the distribution of A K s for early-and latetype stars. Two distinct populations of early-type stars are found; Fig. 5 . Normalized spectra (arbitrarily shifted for clarity) of detected candidate red supergiants. The spectra were multiplied by the black body of the standard star, and de-reddened. The spectra with shorter coverage were taken with SofI.
there is a group of bluer objects with A K s < 0.8 mag, and a group with A K s from 0.9 mag to 2.0 mag. The distribution of A K s of late-type stars peaks around 0.9 mag, and appears unrelated to that of early-types.
At infrared wavelength, Galactic interstellar extinction has been best modeled using a power-law with an index α from −1.61 (for example, Rieke & Lebofsky 1985; Indebetouw et al. 2005) to about −2.1 (Nishiyama et al. 2006 ) and Stead & Hoare (2009) . For a reddening, E(H−K s ), of 0.7 and 1.3 mag, α = −1.9 yields A K s =1 and 2 mag, while α = −1.61 would yield A K s =1.19 and 2.37 mag, and α = −2.2 would yield A K s =0.86 and 1.61 mag. Therefore, Rieke's law would brighten the de-reddened K s and M bol of −0.19 and −0.37 mag; an index of −2.2 would dim the de-reddened K s and M bol of +0.14 and +0.39 mag. An index of −1.9 provides consistent values of interstellar extinction from multicolor reddenings ( e.g. E(J − H), E(H − K)), and E(J − K)).
Spectro-photometric distances
The distance modulus DM is by definition equal to
where A K s is the extinction and M K is the absolute magnitude in K-band; A K s and M K are function of spectral types and luminosity classes. Early-type stars with known spectral-types yield Table 9 , we will assume a common distance and recalculate M K and M bol . Notes. Classes were assigned by assuming similar distances; only supergiants yielded independent estimates. For each group (see Table 7 ) and luminosity class, we report the number of stars (Nstars), average A Ks , average distance modulus, and standard deviation. spectro-photometric distances, when assumptions on luminosity classes can be made, and erratic behaviors are not present (e.g. LBVs). Compilations of absolute K magnitudes and intrinsic colors for O and B types are available from Johnson (1966) , Koornneef (1983) , Humphreys & McElroy (1984) , Wegner (1994) , Lejeune & Schaerer (2001) , Crowther et al. (2006) , and Martins & Plez (2006) . In the near-infrared, spectral classification can be achieved to within a few classes , and a range of M K must be assumed; for a O4-6 star, for example, we assumed the average M K of those of O4 and O6 stars. For each star, M K and DM were estimated for the dwarf, giant, and supergiant classes, as summarized in Tables 7 and 8 . We assumed that stars at similar interstellar extinction were likely to be at similar distances; we calculated the DMs of a few detected spectroscopic supergiants; we assigned luminosities classes to fainter stars by comparing their A K s and K s to those of supergiants of the same spectral type.
O-type stars have 1.3 < ∼ A K s < ∼ 1.9 mag. Stars #14, #16, and #25 are O-type supergiants, as suggested by their emission lines (Hanson et al. , 2005 ) -a strong He I line at 2.058 µm appear in emission in the spectrum of star #16; a broad line emission at 2.115 µm (typical of f-type and WR stars) and strong C IV emission lines are seen in star #25; star #14 has strong He I lines in absorption, but Br γ in emission. There are four O-type stars with K s magnitudes brighter than those of stars #14, #16, and #25; for those we assumed a supergiant class.
Absolute magnitudes of O-types are, however, quite uncertain. The Arches cluster is rich in O4-6 stars, and is located at B0−3 9.02 ± 0.11 1.51 ± 0.10 1.49 ± 0.07 1.46 ± 0.04 0.11 ± 0.14 −2.83 ± 0.87 13.31 ± 0.17 −7.11± 0.89 8 B0−3 10.34 ± 0.00 1.67 ± 0.00 1.65 ± 0.00 1.62 ± 0.00 0.11 ± 0.00 −2.83 ± 0.87 13.31 ± 0.17 −5.80± 0.89 9 O7−8.5f K + 8.65 ± 0.11 1.75 ± 0.06 1.74 ± 0.05 1.71 ± 0.16 0.11 ± 0.23 −4.05 ± 0.14 13.31 ± 0.17 −8.71± 0.25 14 O6−7f K + 8.32 ± 0.04 1.86 ± 0.04 1.82 ± 0.02 1.75 ± 0.05 0.18 ± 0.10 −4.17 ± 0.08 13.31 ± 0.17 −9.16± 0.19 15 O6−7f K + 7.93 ± 0.04 1.59 ± 0.03 1.56 ± 0.02 1.50 ± 0.05 0.17 ± 0.09 −4.17 ± 0.08 13.31 ± 0.17 −9.55± 0.19 16 O9−9.5e 7.50 ± 0.04 1.68 ± 0.03 1.64 ± 0.02 1.55 ± 0.05 0.18 ± 0.08 −3.62 ± 0.32 13.31 ± 0.17 −9.43± 0.36 17 O9−9.5f K + 9.21 ± 0.04 1.37 ± 0.03 Notes. Identification numbers, which are taken from Levesque et al. (2005) . ( f ) The RSG comment denotes known RSGs ( MFD2010 5 and BD−08 4645, e.g. Sylvester et al. 1998; Messineo et al. 2010) , and stars #40, #43, #46, and #47, which have EW(CO)s larger than that of a M7III, typical of M0-2I. the distance of the Galactic center (Martins et al. 2008 ). We recalculated an average value of M K = −4.94 ± 0.47 mag for all O4-6I stars in the Arches listed by Martins et al. (2008) (hypergiants F10 and F15 were included), and of −5.16 ± 0.13 mag for those O4-6I with He I line at 2.112 µm in absorption; we used 8.4 kpc, the photometry from Figer et al. (2002) and the extinction law by Messineo et al. (2005) . The O7-9I stars in W33 yield M K = −5.39 ± 0.33 mag. All, but one, Of K + stars in GMC G23.3−0.3 have the He I line at 2.112 µm in absorption, and mostly weak carbon lines (O6-7). This empirical comparison implies DM from 13.3 ± 0.4 mag to 13.5 ± 0.4 mag for the newly detected OIf K + stars. Beside the OIf K + stars, we detected only another OI star (O9-9.5, #16), which yields a distance of 4.3 +1.5 −1.1 kpc (DM=13.18 ± 0.66 mag) by assuming M K = −5.68 mag. The two B-type supergiants (A K s =1.5 mag) yield a spectrophotometric distance of 4.9 kpc (DM=13.47 mag), when assuming a O9.5-B5 type (M K = −6.49 mag ), or of 4.5 kpc (DM=13.25 mag), when assuming the more frequently observed O9.5-B3 type (M K = −6.27 mag). The results from each group and luminosity class are summarized in Table 8 .
The derived distance moduli indicate that the OI and BI are consistent with a unique distance. By averaging the distance modulus obtained for BI stars and that for OI stars with M K from Martins & Plez (2006) , we obtained DM=13.48±0.32 mag; by using the empirical calibration on the Arches, we obtained DM=13.35 ± 0.14 mag. For the remaining O-types, since distances increase with decreasing K so , a mix of luminosity classes (giants and dwarfs) is inferred by assuming similar distances.
Previous studies of H II regions or SNRs (e.g. W41) of this molecular complex report gasous kinematic distances from 4 to 5 kpc (e.g. Albert et al. 2006; Leahy & Tian 2008) . Gas measurements in the direction of the GMC are found to peak at a velocity from 70.5 to 82.5 km s −1 (Messineo et al. 2010 , and reference therein); using these velocities and the Galactic curve The spectrophotometric distances agree well within errors with the kinematic distance of the cloud and parallactic distance. In the following, the photometric properties of stars associated with the GMC are analyzed by assuming the parallactic distance by Brunthaler et al. (2009) .
For the foreground B4-A2 stars, we derived a distance modulus of DM=10.87 ± 0.64 mag by assuming a dwarf class.
Luminosities
Bolometric magnitudes, M bol , were derived using K s magnitudes, A K s (see Section 3.2), bolometric corrections, BC K s , effective temperatures, and distance moduli:
For early-type stars, assumed effective temperatures and BC K s are listed in Tables 2 and 9 (see also Appendix A in Messineo et al. 2011 , and references therein); for late type stars, BC K s and T eff were available from the work of Levesque et al. (2005) . Luminosity properties are discussed only for stars with A K s > 0.8 mag, for which a DM of 13.31 ± 0.17 mag is assumed.
The luminosities of early-types with emission lines (#14, #16, #22, and #25) range from 1. We selected as candidate RSGs those observed late-type stars with A K s > 0.8 mag and with luminosities larger than > 10 4 L for a distance of 4.6 kpc (stars from #39 to #48 in Table 10 ); star (#46) is a known RSG (Messineo et al. 2010) ); contaminating AGB stars were identified by their strong water absorption, as described in Appendix B. The two RSGs in the cluster GLIMPSE9 ( [MFD2010]5 and #46/[MFD2010]8 ) have an average A K s =1.6 mag, an average M bol = 5.48 mag (4.6 kpc) and M1.5-3 types (Messineo et al. 2010) . The new RSGs, #40 and #47, have types M0I and M2I, A K = 2.0 and 1.3 mag, and M bol −7.49 mag and = −5.58, respectively; they are consistent with the distance of GLIMPSE9 and the GMC. The RSG #43 is a luminous and distant object with A K s = 3.5 mag, negligible water absorption, and a large EW(CO). For completeness, Table 10 comprises also stars #39, #41, #42, #44, #45, and #48, which, however, have a slightly lower A K s (1.1 mag) and earlier spectral types (K2-K5). Studies of stellar velocities may provide evidence for a cluster of stars.
Spatial distribution of massive stars
In Figure 8 , the positions of early-type stars and candidate RSG stars are plotted on a grey scale image of the GMC complex at 3.6 µm by GLIMPSE. In the following sections, the properties of the detected massive stars across several regions of the cloud (see Table 1 ) are described.
GLIMPSE9Large
The surveyed region GLIMPSE9Large has a diameter 7 times larger than the NICMOS field studied by Messineo et al. (2010) , as shown in Figs. 8, and 9. Only one Of K + star lies in the NICMOS field. A surprisingly large number of massive Of K + stars (#3, #4, #5, #9, #14, and #15) are found to surround the GLIMPSE9 cluster. UKIDSS/2MASS K s versus J−K s diagrams of this region are shown in Fig. 9 . Most of the bright stars in the populous diagram of the lower right panel are late-type stars; indeed, a sequence made of clump stars is recognizable, which runs from J−K s ≈ 1 mag and K s =11 mag to J−K s ≈ 5 mag and K s =14.5 mag; there is a tail of obscured giants stars (J−K s > 4 mag), and a blue main sequence appears at J−K s ≈ 1 mag and K s = 12-16 mag. Detected massive Of K + stars have colors similar to those of the GLIMPSE9 cluster, J−K s ≈ 3 mag, and K s from 9.52 to 10.75 mag.
The central concentration, i.e. the stellar cluster GLIMPSE9, hosts two RSGs and two B0-3 supergiants (Messineo et al. 2010) . The RSG members ([MFD2010]5 and #46/[MFD2010]8) have A K s from 1.49 to 1.79 mag, and M bol from −5.67 to −5.29 mag (for 4.6 kpc), respectively.
The Of K + stars are not concentrated, but sparse on a 6 radius area (8.0 pc at 4.6 kpc). Their A K s range from 1.59 mag to 1.90 mag. The infrared magnitudes of the Of K + stars are consistent with a distance of 4.6 kpc, and with their association with GMC G23.3−0.3; their M bol range from −9.55 to −8.70 mag; stars #4, #14, and #15 (Of K +) are supergiants.
REG4
An overdensity of bright stars on a nebular background, which extends for about 6 , was visually detected in REG4 (Figs. 1,  8) by Messineo et al. (2010) . Four Of K + stars, 2 B-type stars, 1 RSG, and 1 cRSG were detected in region REG4. The minimum circle enclosing the four Of K + has a diameter of 7 .
The CMD of region REG4 shows (see Fig. 10 ) a blue sequence (J−K s ≈ 0.8 mag, K s > 12 mag), where we detected a few stars (#20, #35, and #27); a red clump sequence crosses the diagram from J−K s ≈ 1.5 mag, K s ≈ 11 mag to J−K s ≈ 3.5, K s ≈ 13 mag (e.g. Messineo et al. 2005) . Detected massive stars have J−K s color from 2 to 4 mag. Their photometric properties are similar to those seen in region GLIMPSE9Large. The Of K + types (#36, #18, #23, and #17) have A K s from 1.4 to 1.9 mag, and M bol from −7.9 to −9.4 mag. Star #16 is a blue supergiant (K s =9.19 mag). Stars #47 (RSG) and #48 (cRSG) are located 3 magnitudes above the blue supergiants; they have extinction A K s = 1.26 and 1.08 mag, M2 and K5 types, and M bol = −5.58 and −5.69 mag, respectively.
REG2 and the new candidate LBV
Region REG2 contains an Hii region (Figs. 1, 8) , as inferred from the mid-infrared emission and coincident radio continuum emission. Star #31 was detected on the Western edge of this Hii region. The CMD of REG2 presents structures similar to those in REG4 (see 3.7). The color and magnitude of star #31 overlap those of the massive early-types in REG4, with A K s = 1.27 mag and K s =10.32 mag.
The cLBV #22 does not appear to be part of this Hii region, it lies about 5. 5 away from star #31, and is not part of any visible cluster of stars. Star #22 has A K s =1.13 mag and K s =7.63 mag (see Tables 2 and 9 ). We assumed a spectral range from B3I to B8I, which corresponds to an average effective temperature of 13200 ± 2300 K. We used an average BC K s of −1.09 mag, and a distance of 4.6 kpc; we derived M bol = −7.90 mag,
93 mag, and L = 1.1 × 10 5 L ; intrinsic V − K color is from Koornneef (1983) and Martins & Plez (2006) . The star would be the faintest known cLBV (e.g. Clark et al. 2009; Messineo et al. 2012 ), but within error consistent with the minimum predicted luminosity of L = 1.6 × 10 5 (Groh et al. 2013) . By assuming a higher temperature (24500 K, similar to that of the peculiar WRA751 Garcia-Lario et al. 1998), we would derive an average BC K s of −2.97 mag, M bol = −9.84±0.64 mag, L = 6.8 × 10 5 L .
REG7, REG5, and RSGCX1
Region REG7 coincides with nebular emission (Figs. 1, 8) , without a clear stellar concentration. It also coincides with the candidate cluster [BDS2003]117 (Bica et al. 2003) . We observed star #25, which lies at the center of the nebula, and identified it as an O4If K + star with A K s = 1.34 mag, and M bol = −9.14 mag (for 4.6 kpc).
In region REG5, we detected early-type stars (#7, #12, #13, #19, #26, #28, and #32 ) from a blue sequence, with an average A K s = 0.35 ± 0.06 mag, as shown in Fig. 10 . Their K s range from 10.36 to 10.96 mag. They are foreground to the stellar population of the GMC (for example, the GLIMPSE9 cluster has an A K s of 1.6 ± 0.2 mag).
Star #40 (M0I) has a broad EW(CO), and Q1=0.22 mag, which is a typical value for red supergiants Messineo et al. 2012) . It is located, along with stars #41 and #42, in direction of the center of SNR 22.7 − 0.2, in region RSGCX1 (see Figs. 8 and 10 ). The three stars (#40,#41, and #42) have A K s of 1.95, 1.27, and 1.03 mag, which imply distances larger than 4 kpc Drimmel et al. 2003) . By assuming Fig. 8 . Positions of detected stars are marked on a gray scale, which is a MAGPIS image at 20 cm of the whole G23.3 − 0.3 complex (White et al. 2005; Helfand et al. 2006) . Positions of Of + K stars are marked with asterisks, the cLBV with a plus sign, the WR found by Mauerhan et al. (2011) with a diamond, late-O and early-B types with circles, late-B and early-A stars with squares, and RSGs and cRSGs with triangles. Possible foreground early-types ( A K s < 0.8 mag) are marked with crosses. Locations and sizes of supernova remnants (SNRs) are marked by circles. Squares and labels display the regions selected on the GLIMPSE 3.6 µm by Messineo et al. (2010) with increased nebular emission (Hii regions) and apparent overdensities of bright stars.
that they are at the distance of 4.6 kpc, we derived M bol = −7.49, −5.51, and −5.65 mag, respectively, and their likely association with the SNR. The presence of 3 cRSGs implies also the presence of a candidate massive cluster of stars (> 10000 M , Clark et al. 2009 ).
High-energy sources in the GMC and progenitor masses
Four SNRs are projected over the wide giant molecular cloud G23.3−0.3 (Messineo et al. 2010) . In Figure 11 , the SNRs are superimposed on a 12 CO map of the giant molecular complex, with data-cubes from Dame et al. (2001) . Several peaks of CO emission are seen, for example at velocity (in the local standard of rest system) of V LSR ≈ 55 km s −1 , 77 − 82 km s −1 , and 100 km s −1 ; there is a similar velocity structure in the CO emission detected towards GLIMPSE09/SNR2, REG7/SNR3, REG5/SNR4, and REG4/W41. The prominent emission has a maximum peak at V LSR = 77-82 km s −1 (middle panel of Fig.   11 ); this is the cloud GMC G23.3−0.3, which is described by Albert et al. (2006) with a mass of about 2 × 10 6 M , and an extent of two degrees of longitude from l ≈ 22
• to l ≈ 24.
• 25, with a peak at l ≈ 23.
• 3 and b ≈ −0.
• 3; a strong velocity component at V LSR ≈ 100 km s −1 (upper panel of Fig. 11 ) appears only in the two higher latitude regions (SNR1/W41 border, as measured by Brunthaler et al. (2009) , and SNR2/SNR22.7−0.2).
Two SNRs with apparent diameters of ∼30 are listed in the catalogue of Green (2009) , G022.7−00.2 (SNR2) and G023.3−00.3 (W41); two other highly probable shell SNRs with an angular diameter of 4. 7 and 4. 5, G22.7583 − 0.4917 (SNR3) and G22.9917−0.3583 (SNR4), were identified by Helfand et al. (2006) with MAGPIS data; their negative spectral indexes are also confirmed by Messineo et al. (2010) . There is an extraordinary symmetry in the CO gas distribution of the giant cloud and locations (and even sizes) of the SNRs, which suggests their physical association with the cloud. Leahy & Tian (2008) concluded that W41 is associated with the GMC G23.3−0.3. G22.7583 − 0.4917 (SNR3) and G22.9917 − 0.3583 (SNR4) can similarly be associated with the GMC (Messineo et al. 2010) ; the SNR G23.5667−0.0333/SNR5 and G22.7−0.2 are at a slightly higher latitude, where the 77 km s −1 and the ∼100 km s −1 clouds overlap; however, at the position of G22.7−0.2 the 77 km s −1 cloud has the strongest CO intensity (Messineo et al. 2010) . The SNR G23.5667−0.0333/SNR5 Messineo et al. 2010 ) is located at l = 23.
• 57 and b = −0.
• 03, outside the bulk of infrared emission of the main complex.
A large number of X-ray and TeV emitters have been reported in the direction of the two largest SNRs (W41/SNR1 and G22.7−0.2/SNR2). A schematic of the giant molecular cloud with the location of the SNRs, high-energy emitters, and the Table 11 . Center is at a longitude of 22.
• 92 and a latitude of +0.
• 07.
newly discovered massive stars is shown in Fig. 12 (see also Table 11 ). The TeV source HESS J1834 − 087 is located at the center of the shell-type remnant W41 (SNR1) (e.g. Aharonian et al. 2005; Tian et al. 2007; Leahy & Tian 2008) . For the majority of extended TeV detections, young pulsars have been proposed as counterparts (young pulsar wind nebulae). Misanovic et al. (2011) identified the faint X-ray point-source XMM J183435.3−084443 (CXOU J183417.2−084901) (number 7 in Table 1 Mukherjee et al. 2009 ) as a pulsar wind nebula (PWN). Swift observations unveiled another possible TeV emitter, the magnetar Swift J1834.9−0846 Kargaltsev et al. 2012) . So far, distances of 4-5 kpc have been assumed for both candidate TeV emitters by associating them with W41 (Leahy & Tian 2008) .
HESS J1834−087, XMM J183435.3−084443, and Swift J1834.9−0846 fall in the center of the W41 shell, and in our region REG4 (see Fig. 8 ). In region REG4, we detected several rare O-type supergiants (from 28 to 45 M at a spectro-photometric distance of 4.6 kpc) and two cRSGs. Swift J1834.9−0846 is one of the few Galactic magnetars associated with massive stars (.e.g. Figer et al. 2005; Bibby et al. 2008; Muno et al. 2006; Davies et al. 2009a; Mori et al. 2013) . SNR G22.7−0.2 has a size similar to that of W41 (40 pc at 4.6 kpc, Green 2009). The presence of a candidate cluster of RSGs (RSGCX1) with three cRSG stars toward the center of this SNR suggests that the progenitor of the supernova was from this population. HESS J1832−093 overlaps with SNR G22.7−0.2 (SNR2) .
G22.7583-04917 (SNR3) has a diameter of about 5 , or 6.7 pc at the distance of 4.6 kpc. The 90 cm shell-type emission is centered on the massive O4f K +, star #25. This suggests that the G22.9917−0.3583 (SNR4) has a size of about 4. 5, or 6.0 pc at the distance of 4.6 kpc, and falls in region REG5 of Table 1 . We detected only "foreground stars", which are unrelated to the GMC.
Discussion and summary
Massive stars
Analysis of the spectroscopic data presented in this paper has revealed of a rich population of evolved massive stars associated with GMC G23.3−0.3, yielding 38 new early-type stars, 3 new RSGs, and 6 new cRSGs.
Complementary photometric data indicate a bi-modality in the distribution of A K s of early-type stars. A component with A K s from 0.9 to 2.0 mag contains a large variety of massive stars from O-types to late B-types, and a large fraction of those are associated with the GMC. The nine O-and B-type supergiants have average A K s =1.63 mag with σ = 0.18 mag. Despite the uncertain absolute calibration of O-type stars, we obtained average spectro-photometric distance moduli from 13.18 ± 0.66 mag (O9-9.5I) to 13.4 ± 0.4 mag (Of K + stars). This range is consistent with that derived from B supergiants and with the distance to the GMC G23.3−0.3. We adopted a DM=13.31 ± 0.17 mag to characterize the luminosity and mass properties of obscured stars (A K s > 0.8 mag), with the parallactic distance modulus of Brunthaler et al. (2009) in good agreement with the spectrophotometric distance.
Concerning the massive stellar cohort, a cLBV was detected in region REG2 and 10 massive Of K + stars in REG4 and in the vicinity of GLIMPSE9. The Of K + stars have K so from 7.9 to 9.2 mag, and in Fig. 13 we plot their position on an HR diagram; comparison to theoretical predictions for rotating massive stars suggests masses from 25 to 45 M , and ages from 5 to 8 Myr (Ekström et al. 2012 ). This finding would suggest the likely presence of more evolved WRs in the complex; indeed, one WC8 is reported by Mauerhan et al. (2011) . RSGs have a large span of magnitudes even for an almost coeval population (for example, the RSGs in RSGC1, Figer et al. 2006) , and are not suitable as distance indicators. By assuming a distance of 4.6 kpc, we found 3 new RSGs (#40, #43, and #47), ı.e. stars with luminosities larger than > 10 4 M and A K s > 1.3 mag. Their spectral types (from M0 to M2) closely align with the distribution of spectral types of Galactic RSGs, which peaks at M2-M3 (Davies et al. 2007; Elias et al. 1985) . As shown in Figure 13 , the new RSGs are much older than the detected Ostars; we estimated masses from 9 to 15 M and ages from 20 to 30 M .
Distribution over the cloud
The location of the massive stars provides insights on the star formation history of GMC G23.3−0.3. The same mix of massive stars (RSGs, Of K + stars, and B stars) at similar A K s , spectral types, and magnitudes was detected in REG4 and GLIMPSE9Large. The two regions are separated by 27 (36 pc at 4.6 kpc). This provides evidence for repeated multi-seeded bursts of star formation across the complex, which appears to form a unique extended structure at a distance of about 4.6 kpc. Two main generations of massive stars were located; RSGs and cRSGs have ages of 20-30 Myr; massive Of K + stars trace star formation occurred 5-8 Myr ago.
The luminosities of the 4 RSGs in GMC G23.3−0.3 (two new ones, plus the two RSGs in Messineo et al. 2010 ) are consistent with ages from 18 to 30 Myr. It is difficult to accurately infer the mass of the natal stellar aggregate of RSGs, because of their short lifetimes leading to a small population potentially affected by stochastic effects. Following the analysis by Clark et al. (2009) , we might reasonably expect them to be associated with a population of stars of >> 10 4 M . Under the assumption of a Salpeter initial mass function (Salpeter 1955) , we determine that additional stellar populations of total mass ∼ 2200 and ∼ 1500 M were necessary to account for the presence of the six Of K + stars in region GLIMPSE9Large, and four in region REG4, respectively. (Ekström et al. 2012) . The positions of Of K + stars are marked by asterisks, the cLBV by a plus sign, the WR number 39 in Mauerhan et al. (2011) by a diamond symbol, other OB stars by filled triangles, and RSGs and cRSGc by empty triangles.
The G23.3 − 0.3 complex contains only one stellar cluster, GLIMPSE9, with a mass of ∼ 3000 M and an age of 15-27 Myr. The younger Of K + stars are not part of a stellar cluster and are distributed sparsely over two regions with radii of about 8.0 pc, with six surrounding the GLIMPSE9 cluster. A few examples of isolated massive star formation are reported in litera- Fig. A.1 . Q1 values of late-type stars (dots) versus the H 2 O water index. We marked the AGB stars with crosses, and the cRSGs with triangles.
ture. For example, one O2If*/WN6 star with a mass of 40-80 M (0.6 Myr old) and an O2If*/WN6 with mass > 100 M were detected in the Hii region surrounding the Galactic cluster NGC3603 (Roman-Lopes 2013b . Further observations will be required to understand the origin of this population. Normalized reddened spectra (arbitrarily shifted for clarity) of late-type stars. As an example, the spectrum of a new cRSG, #40, is compared to the IRTF spectrum of HD339034 (Rayner et al. 2009 ); the spectrum of the AGB #65 is compared to the IRTF spectrum of IRAS 14436-0703 (Rayner et al. 2009 ). The dotted-dashed lines are linear fits to the stellar continuum in the range 2.15-2.29 µm. The darker region is used for measuring an H 2 O index. 
